The US Medical Licensing Examination (USMLE) and Orthopaedic In-Training Examination (OITE) are commonly used to select medical students or residents, respectively. Knowing how well these examinations predict performance on the American Board of Orthopaedic Surgery (ABOS) Part I certifying examination is important to provide evaluations for medical students and residents. Previous studies comparing the OITE scores with the ABOS Part 1 scores have been limited to one program. Questions/purposes Therefore, we compared the scores on the USMLE Step 1 and OITE examinations with those on the ABOS Part I certifying examination using data from four ACGME approved residency programs.
Introduction
A major goal of all orthopaedic surgery residency programs is to ensure their graduating residents are capable of becoming board-certified by passing the ABOS certifying examinations [1] [2] [3] [4] [5] [6] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . A board certification rate greater than 75% is required to maintain Residency Review Committee Accreditation.
Residency programs commonly use scores on two examinations to predict or assess resident performance: the USMLE Step 1 and the OITE [2-6, 8, 10, 13-16] . Residency programs have an interest in determining how well performance on these examinations correlates with resident performance and, ultimately, the ABOS Part I certifying examination. Medical students take the USMLE Step 1 after the second year of medical school. Correlating the USMLE Step 1 and OITE scores with passing the ABOS Part I is important for program directors to help guide resident selection [5-8, 12-14, 16-18] and resident education [13] [14] [15] .
Correlation of USMLE Step 1 scores and the ABOS examination is not clear. Case and Swanson [5] , Herndon et al. [13] , and Swanson et al. [16] all observed a correlation of the USMLE and ABOS Part I examinations. Klein et al., however, found low correlation in evaluating one program [14] . Herndon et al. [13] , Swanson et al. [16] , and Klein et al. [14] all reported varying degrees of correlation at their respective programs with the OITE percentile ranking scores and ABOS Part I Examination results.
As part of the outcomes project for the Accreditation Council for Graduate Medical Education (ACGME), it is important to understand how accurate the OITE is for assessment of residents. To better define the limitations of the OITE in correlation with ABOS Part I results, more studies, with perhaps differing methods, are needed to aid in this goal.
Therefore, we examined (1) the relationship between the USMLE Step 1 scores and the ABOS Part I percentile ranking scores; (2) whether there is an association between certain threshold USMLE Step 1 scores and passing the ABOS Part I examination; (3) the relationship between OITE scores (percentile rankings for each year an individual takes the examination) and ABOS Part I percentile rank scores; and (4) the mean OITE scores for PGYs 2-5) and ABOS Part I percentile rank scores.
Materials and Methods
We pooled and analyzed the scores from the USMLE Step 1, OITE (PGY 2 through PGY 5), and the first attempt at the ABOS Part I examination for graduates from four residency programs in one geographic area from 1996 to 2009. For the USMLE we used the raw scores. For the OITE and ABOS Part I examination results, we used the percentile rankings for our calculations. Four orthopaedic surgery programs contributed the resident data from 1996 to 2008. Two programs have six residents per year each. One program has two residents per year. The fourth program expanded from three to five residents per year during the study period. Of the four programs, one is university based, two are academic nonuniversity based, and the fourth is a community program. All programs were ACGME accredited during the period that the records were studied. The total number of potential resident scores available was 202. Twenty-three residents had incomplete scores for the USMLE Step 1, and between 17 (PGY 2) and six (PGY 5) residents had incomplete OITE scores (Table 1) . For each category with incomplete data, we looked at mean ABOS percentile and the number of failures. For the USMLE alone, the mean ABOS percentile was 55, similar to the mean of 57 for all 202 reported ABOS Part I examination scores ( Table 1 ). The PGYs 2-5 average score ( Fig. 1) is an average across all years, regardless of the missing values for one year.
The study was approved by the Institutional Review Boards at the authors' institutions.
The USMLE Step 1 has been a computer-based examination since 1999; it is administered at Prometric centers daily throughout the year. Test questions are prepared by examination committees composed of basic scientists and clinicians who are faculty members, teachers, and investigators with recognized prominence in their respective fields. Committee members are selected to provide broad representation from the academic, practice, and licensing communities across the United States and Canada. The test is designed to measure application of basic science knowledge. The OITE is a proctored paper and pencil examination given annually on the second Saturday of each November. The test is given in only one sitting and the materials must be gathered and submitted for scoring within 2 days of taking the examination. Questions used for this examination are submitted by a group of orthopaedic surgeons from different subspecialties; the OITE examination committee selects the questions to be included on the actual examination [3, 5, [13] [14] [15] [16] .
The ABOS Part I examination is a proctored paper and pencil examination given annually in July (beginning in July 2009, the ABOS Part I became a 1-day computerbased examination administered at Prometric test centers). All test questions included on the Part I examination have been through a rigorous review process, including multiple reviews and pilot testing by board-certified orthopaedic surgeons. The test is built to an established blueprint that specifies the exact numbers of items to be included in each major content area and statistical criteria to be used. Items selected for inclusion in the test must be appropriate in terms of content and psychometrics (ability to test the area that pertains to the question).
During the period of review, the National Board of Medical Examiners (NBME) examination changed from part examinations to USMLE step examinations. We made a simple conversion to convert the NBME part scores to comparable USMLE step scores [5, 14] . There is a simple linear relationship between the USMLE and NBME scores as follows: USMLE = 200 + {[NBME À 500]/5}. We determined correlation coefficients between the OITE scores and the ABOS Part I percentiles using Microsoft Excel software (Microsoft, Redmond, WA). Similarly, the USMLE Step 1 scores were compared with the ABOS Part I scores.
Scatterplots were made to visually inspect the relationship between ABOS Part I and Step 1 percentile and scores on previous standardized tests. The Pearson correlation coefficient was used to measure the degree of linear correlation among ABOS Part I percentiles, USMLE Step 1 scores, and each of the OITE percentiles, including PGYs 2, 3, 4, and 5 examinations and trainees' mean OITE percentile at PGY 5.
In our analysis, we used receiver-operated characteristic curves (ROC) to identify threshold scores and percentiles on the USMLE and OITE, respectively, that maximized the identification of those destined to fail ABOS Part I (true positives), yet minimized the identification of those who went on to pass (false positives). ROC curves are graphic representations of this concept. ROC curves are, in essence, plots of right versus wrong answers as a detection threshold or the criterion is varied across its range. Comparison of the ABOS Part I and OITE percentile rankings were calculated at various thresholds for passing and calculated as a ROC. The results were tabulated looking at particular points on the curve and looking for differences between a true-positive, meaning at a particular point a person was receiving the predicted outcome based on the OITE percentile ranking scores for the ABOS Part I examination.
The conceptual framework for the remainder of our analysis treated the USMLE Step 1 scores and OITE percentile rankings as screening tests designed to identify trainees at risk for ABOS Part I examination failure. As such, we characterized the ability of these tests to accurately predict failure on ABOS Part I by using ROC curves, which are graphic depictions of a screening test's sensitivity (1-specificity) for detection of an outcome (ie, board examination failure) because its discrimination threshold (USMLE score or OITE percentile) is varied. OITE percentile rank scores for PGY 5 were compared with the ABOS Part I examination regarding passing. We visually inspected the ROC curves for each examination to identify threshold scores and percentiles that maximized the identification of those destined to fail the ABOS Part I (truepositives), yet minimized the identification of those who went on to pass (false-positives). Finally, we calculated the relative risk of ABOS Part I failure with its 95% confidence interval for each threshold Step 1 score and OITE percentile ranking (average for PGYs 2-5 and PGY 5 separately). Calculations were made using SAS software (Version 9.2; SAS Institute, Cary, NC).
Results
We found a wide range of scores for all three examinations ( Table 1) . Twelve of the 202 residents (5.9%) failed the ABOS Part I certifying examination.
We found a correlation between the USMLE Step 1 scores and the ABOS Part I percentile rank scores. In comparing USMLE Step 1 scores with ABOS Part I scores (Fig. 2) , 33% of those who scored 209 or less on Step 1 failed the ABOS Part I. For a threshold of 223 or less, 16% failed the ABOS Part I. All candidates who scored above 227 on the Step 1 passed the ABOS Part I examination.
There was a stepwise increase in correlation between the OITE percentile ranking scores from PGY 2 to PGY 5 and the ABOS Part I scores ( Table 2 ). For the residents who failed the ABOS Part I, 10 of 12 had average (PGYs 2 to 5) OITE percentile ranking scores of 28 or less for those years (Fig. 1 ). Fifty-four percent of the PGY 5 trainees who were below the 22nd percentile on the OITE failed the examination (relative risk, 19.5; CI, 7.2-53.0) ( Fig. 3) . Similarly, for the threshold at or below the 40th percentile, 32% failed the examination (relative risk, 17.8; CI, 5.1-61.7). Of those who were at or above the 71st percentile, all passed the ABOS Part I examination. OITE percentile ranking scores below the 30th percentile year-in-training were found in 10 of 12 of those who failed the ABOS Part I certifying examination.
Discussion
The ability to predict how well a medical student will do on the ABOS Part I certifying examination using the USMLE Step 1 scores is important for orthopaedic surgery residency selection committees [2, 5, 13, 14, 16] . Additionally, the usefulness of the OITE individual percentile rank scores for predicting outcome on the ABOS Part I certifying examination is useful for residents and faculty to assess resident performance. Several studies report variable correlations of USMLE Step 1 scores with the ABOS Part I examination scores (Table 3 ). Herndon et al. [13] , Swanson et al. [16] , and Case and Swanson [5] found correlation of the USMLE (Case and Swanson [5] used the NBME) Step 1 examination scores and passing the ABOS Part I certifying examination. Klein et al. [14] , however, found a weak correlation. Except for the study by Case and Swanson [5] , all of the studies were confined to one program over a period of time. OITE scores (percentile ranking) also correlated with passing the ABOS Part I examination in two studies. To confirm correlations based on a wider distribution of programs, we compared the scores on the USMLE Step 1 and OITE examinations with those on the ABOS Part I certifying examination using data from four ACGME approved residency programs.
The main limitation of our study is the missing USMLE Step 1 scores for 23 residents, and between six to17 OITE examination scores in PGYs 2 to 5 for the 202 graduating residents included in this study. For each examination, we calculated the mean ABOS percentile ranking scores, and the number of failures for each group. The mean ABOS scores were similar for the groups. USMLE scores were missing 23 results, yet the mean ABOS score was 55. (It was 57 for all 202 residents in this study.) Second, we cannot ensure the scores from the four programs in our study reflect those in programs throughout the United States. However, the overall pass rate reported in this study is similar to that reported by the American Board of Orthopaedic Surgery. Additionally, Swanson et al. [16] All coefficients p \ 0.0001. Fig. 3 A ROC curve comparing the OITE percentile ranking of PGY 5 residents with the ABOS Part I certifying examination scores is shown. If the scores were at or below the 22nd percentile, 54% of the candidates failed the ABOS examination. If their scores were at or below the 40th percentile, 32% failed the examination.
reported recent pooled data from 2002-2006 of 2654 candidates who are graduates from American medical schools and observed similar overall pass rates to our study and similar to USMLE Step 1 results. Our data suggest a correlation between the USMLE Step 1 scores and ABOS Part I percentile scores (Fig. 2) . At or below a threshold value of 209, there was 33% failure of the ABOS examination. Swanson et al. [16] evaluated the results of 2654 graduates who took the ABOS examinations from 2002 to 2006, and found a 60% pass rate with a USMLE score of 180 and a 90% pass rate with a USMLE score of 220. Klein et al. [14] , reporting on 64 graduates from one program, observed a low correlation between USMLE Step 1 and the ABOS Part I scores. Case and Swanson [5] reviewed 621 candidates taking the ABOS Part I examination in 1991 and compared an individual's scores with his or her own scores on NBME Parts 1 and 2. They found a correlation with NBME part scores and ABOS Part I scores. Of those failing the ABOS Part I, 38% with an NBME Part 1 score below 400 failed, whereas only 1.6% of those above 600 failed.
Ten of the 12 residents in our study who failed the ABOS Part I had average OITE percentile rank scores of 28 or less for PGYs 2 to 5 (Fig. 1) . Additionally, 10 of 12 had OITE percentile scores at or below 30 in PGY 5. Of the residents who passed the examination, none had an average below 28 percentile for PGYs 2 to 5.
In our study, comparison of the OITE scores with the ABOS Part I scores revealed the strongest correlation in PGY 4 and PGY 5. There was also a stepwise increase in correlation from PGY 2 through PGY 5. The average of percentile rank scores for all 4 years (PGYs 2-5) also correlated. Herndon et al. [13] retrospectively reviewed 15 years of residents taking the ABOS Parts I and II and compared OITE scores for those who did not pass with scores of those who passed. Among the 161 residents, they observed a difference in the mean percentile OITE scores for PGY 5 year alone and an average of the PGYs 2-5 in the ABOS pass and failure groups. Klein et al. [14] found the correlation of OITE and ABOS Part I scores highest in PGY 5. In contrast to our study, Klein et al. [14] found the next highest correlation with ABOS Part I examination results to the PGY 3. Although not stated by Klein et al. [14] , this may be the result of the rotation schedule rather than a generalization about the examination. We reached similar conclusions using data from four programs in the same geographic region. Correlation between the USMLE Step 1 and ABOS Part I suggest that the USMLE Step 1 scores can be used as a factor with resident selection committees. USMLE Step 1 scores at or less than 209 were associated with a failure rate of 33% on the ABOS Part I examination. Our data suggest correlation between the OITE and passing the ABOS Part I examination, supporting the findings of Klein et al. [14] that residents whose OITE scores are below the 30th percentile average are at risk for failure of the ABOS Part I. Because of this, residents with scores at or below this level should receive extra attention from the program, and residents with scores at or below this threshold should devote extra time to study.
